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1      Introduction

This contribution provides an overview of the RRC impacts due to the introduction of NB-IOT feature as per the newly agreed WI [1]. The normative phase of this WI aims to define a single clean-slate (CS) solution, based on LTE; one that might not be backward compatible to address specific cellular Internet of Things (C-IoT) requirements, such as, improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimised) network architecture.

The intention of this contribution is to determine what parts of the existing LTE RRC specifications can be reused and promote discussion on whether any signalling could be further simplified considering the NB-IOT performance objectives including device complexity reduction laid out in [2]. The aspects affecting the signalling reduction for small data transmission work in SA2 are out of scope of this paper. 
2      Discussion
2.1     RRC for NB-IOT
As per the objectives of the WI [1], the RRC procedures based on existing LTE protocols and relevant optimisations to enable the selected physical layer are to be supported for NB-IOT. In [3], we have analysed the foreseen impacts to the broadcast signalling for system information by taking the SI related agreements from the WI, “Further LTE Physical Layer Enhancements for MTC” into consideration. The user plane impacts due to the NB-IOT feature introduction are covered in [4]. In this section, we briefly discuss the high-level functions of control plane, i.e. RRC and discuss those aspects that seem applicable for supporting NB-IOT feature. 
The simple RRC state diagram, as per current LTE specification, is shown in Figure 1. One of the important performance objectives for C-IoT is improved power efficiency; Given the low data rate and expected infrequent traffic, the massive number of devices may be kept mostly in idle mode, potentially, with extended DRX cycles to further reduce power consumption. Therefore, as a baseline, the RRC states of existing LTE specification is considered as a baseline to be supported for NB-IOT. 
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Figure 1. RRC state machine diagram of legacy LTE
Proposal 1: To agree that the legacy LTE RRC state machine is utilized as a baseline for NB-IOT feature.
In general, the high-level functions of the RRC sub-layer, as per stage-2 specification [5], are shown below. The grayed-out portions are considered not essential for NB-IOT support, e.g. due to lack of mobility of such devices and potential complexity reduction by elimination of supported features, such as MBMS and dedicated bearer establishment. For the features that are not grayed out, further simplifications may be possible and discussions can be carried out once SA2 details are worked out. Further details of the motivation, individual signalling and functions to be utilized or eliminated for the different features are described in the following sections.  

The main services and functions of the RRC sublayer include:

-
Broadcast of System Information 

-
Paging;
-
Establishment, maintenance and release of an RRC connection between the UE and E-UTRAN including:

-
Allocation of temporary identifiers between UE and E-UTRAN;

-
Configuration of signalling radio bearer(s) for RRC connection:

-
Low priority SRB and high priority SRB.

-
Security functions including key management;
-
Establishment, configuration, maintenance and release of point to point Radio Bearers;

-
Mobility functions including:

-
UE measurement reporting and control of the reporting for inter-cell and inter-RAT mobility;

-
Handover;
-
UE cell selection and reselection and control of cell selection and reselection;
-
Context transfer at handover.
-
Notification and counting for MBMS services;
-
Establishment, configuration, maintenance and release of Radio Bearers for MBMS services;
-
QoS management functions;

-
UE measurement reporting and control of the reporting;
-
NAS direct message transfer to/from NAS from/to UE.
Given the requirements/performance objectives, the NB-IOT support will be a new feature supported by those UEs that are specifically designed for this feature and thereby, there might not be any need of backward compatibility or support of legacy features that are not directly necessary for narrowband IoT operation. Furthermore, the general considerations and impacts due to introduction of the NB-IOT feature are also covered in [6]. 
Proposal 2: To agree that the UEs supporting NB-IOT feature operate in a reduced RRC functionality mode compared to legacy LTE-based UEs. Details are FFS and SA2 input is required.
2.2     RRC – Dedicated signalling and simplifications
2.2.1 Connection establishment and Radio bearer setup
As per [2], one signalling radio bearer (SRB) is defined to carry the RRC signalling and NAS signalling over DCCH. Once security is activated, all RRC messages are integrity protected and ciphered. One data radio bearer (DRB) is defined to carry the user plane data over DTCH. The data radio bearer can only be setup after security is established. Given the traffic requirement and low delay sensitivity, it seems sufficient to send data using one DRB and the establishment of dedicated radio bearers need not be supported; thereby reducing complexity due to related signalling savings over-the-air as well as in the core network. It is also possible, that the RRC connection reconfiguration message for the setup of the single data radio bearer is optimized. SA2 is discussing the solutions [7] for carrying NB-IOT related small data; however, RAN2 should wait for their conclusions before discussing any simplifications related to this procedure. 
Access Stratum security exchange procedure is utilized for establishing integrity protection of RRC signalling and ciphering of messages exchanged over-the-air. SA3 is currently working on security optimizations for very low throughput Machine type devices and we should wait for SA2 and SA3 inputs before discussing further about this procedure and security for NB-IOT in general. 
Proposal 3:  To agree that SRB2 is not used and thereby it need not be defined for NB-IOT feature, i.e. a single SRB carries the RRC and NAS signalling messages. 
Proposal 4: To discuss if the RRC connection establishment procedure used to set up one DRB should be simplified to reduce signalling; however RAN2 should wait for SA2 input before further discussing this aspect. 

2.2.2 Mobility

As per the deployment scenarios for cellular IoT, majority of the IoT devices will be stationary [2]. Even if they are not stationary, the probability that the NB-IOT devices will be transmitting data while being mobile is very low. Given this consideration, network-controlled mobility and related signalling need not be supported via RRC. This will save considerable power for the UE in eliminating the UE-provided measurements and related configuration further reducing UE complexity. Further details related to the support of mobility are also covered in the other companion contributions [4] [6].
Although NW controlled handover is likely not supported, the UE may still require RRC connection re-establishment procedure to be executed e.g. after radio link failure. Therefore, it may be further discussed whether any simplification of this procedure can be achieved. 
Proposal 5: To agree that the RRC signalling related to network-controlled mobility in connected mode, i.e. RRC connection reconfiguration with mobilityControlInfo, can be eliminated for NB-IOT devices.
2.2.3 Other features (e.g. MBMS, ProSe, WLAN)

The devices with NB-IOT feature are ultra-low cost, ultra-low power aimed to specifically support the given application. Supporting additional features that are enhancements of legacy LTE for high data rate needs or other requirements is not necessary for these NB-IOT devices. Thereby, we recommend to eliminate the support of all such features as a baseline unless otherwise found necessary. Further details of related SIB applicability are discussed in [3].
Proposal 6: To agree that as a baseline, the features and related RRC signalling not directly associated with NB-IOT data transfer use case (as per [2]) are eliminated for simplification unless the feature is considered useful for future needs.  
3      Conclusions and proposals
In this contribution, we discussed the necessary RRC changes for NB-IOT feature and have the following proposals:
Proposal 1: To agree that the legacy LTE RRC state machine is utilized as a baseline for NB-IOT feature.
Proposal 2: To agree that the UEs supporting NB-IOT feature operate in a reduced RRC functionality mode compared to legacy LTE-based UEs. Details are FFS and SA2 input is required.
Proposal 3:  To agree that SRB2 is not used and thereby it need not be defined for NB-IOT feature, i.e. a single SRB carries the RRC and NAS signalling messages. 
Proposal 4: To discuss if the RRC connection establishment procedure used to set up one DRB should be simplified to reduce signalling; however RAN2 should wait for SA2 input before further discussing this aspect. 

Proposal 5: To agree that the RRC signalling related to network-controlled mobility in connected mode, i.e. RRC connection reconfiguration with mobilityControlInfo, can be eliminated for NB-IOT devices.
Proposal 6: To agree that as a baseline, the features and related RRC signalling not directly associated with NB-IOT data transfer use case (as per [2]) are eliminated for simplification unless the feature is considered useful for future needs.  
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